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Introduction
The UNAIDS 90-90-90 targets, set for 2020, are that 90% of HIV-positive individuals know their HIV-positive status, 90% of those who know their HIV-positive status are on antiretroviral therapy (ART), and 90% of those taking ART are virally suppressed [1] . These targets correspond to 81% of HIV-positive individuals being on ART and 73% of HIV-positive individuals being virally suppressed, with the overall goal of improving the health of people living with HIV and decreasing HIV transmission at the population level.
Evidence that universal ART, irrespective of CD4 count, would contribute to improving the health and survival of people living with HIV became available from two randomized controlled trials in 2015 [2, 3] . Modelling, drawing on the findings of the HPTN052 trial, has shown that reaching 90-90-90 has the potential to decrease transmission at population level [4] [5] [6] , although this remains to be proven in a rigorously designed trial. Empirical findings from two population-intervention platforms have also indicated that higher ART coverage levels are associated with lower HIV incidence in the general adult population, through a comparison across time periods (Rakai district, Uganda) or across areas (rural KwaZulu Natal, South Africa) [7, 8] . corresponding author, Sian Floyd (sian. floyd@lshtm.ac.uk), or the senior data manager at ZAMBART (ab@zambart.org.zm).
Funding: HPTN 071 is sponsored by the National Institute of Allergy and Infectious Diseases (NIAID) under Cooperative Agreements UM1-AI068619, UM1-AI068617, and UM1-AI068613, with funding from the U.S. President's Emergency Plan for AIDS Relief (PEPFAR). Additional funding is provided by the International Initiative for Impact Evaluation (3ie) with support from the Bill & Melinda Gates Foundation, as well as by NIAID, the National Institute on Drug Abuse (NIDA) and the National Institute of Mental Health (NIMH), all part of the U. S. National Institutes of Health (NIH). The funders had no role in data collection, data analysis, or the decision to publish this manuscript. 3ie reviewed and provided non-binding comments on the draft manuscript prior to journal submission. The trial sponsor, NIH, reviewed and approved the original design of the HPTN 071 study and approves all changes to the study protocol. No funding bodies had any role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Competing interests:
The authors have declared that no competing interests exist.
In contrast, the community-randomised ANRS 12249 TasP trial of universal-testing-andtreatment (UTT), conducted in rural KwaZulu Natal in South Africa, found no evidence of an effect of the intervention on HIV incidence [9, 10] . However, the percentage of HIV-positive adults who were on ART at the end of this trial was similar in the two study arms, and much lower than the cumulative 90-90 target of 81% [10] , so the trial findings do not refute the hypothesis that UTT can reduce HIV transmission. Three other community-randomised trials (CRTs) to evaluate the effect of UTT interventions on population-level adult HIV incidence have been underway since 2013-14, and will complete in 2017-19 [11] [12] [13] . They will provide evidence from rural settings in Uganda and Kenya [13] , rural and peri-urban settings in Botswana [12] , and peri-urban and urban settings in Zambia and the Western Cape of South Africa [11] .
During 2012-2014, most countries in sub-Saharan Africa were far from reaching the 90-90-90 targets [14, 15] . Whilst WHO guidelines were updated in 2015 to recommend universal ART [16] , this might not be sufficient to reach the 90-90-90 targets; innovations to increase the uptake of HIV testing, linkage to HIV care following an HIV-positive diagnosis, the rapidity of ART initiation following linkage to care, and treatment adherence, may also be required. In 2016, "Population-based HIV Impact Assessment" (PHIA) surveys found that in Malawĩ 70%, and in Zambia and Zimbabwe~60%, of all HIV-positive adults (regardless of their selfreported knowledge of their HIV-positive status and use of ART) were virally suppressed, showing that the way in which these countries have scaled up testing, treatment, and treatment monitoring and adherence support, services, has enabled them to approach the 90-90-90 targets [17] . Additionally, a survey conducted in 2013-2015 in Botswana, as part of the BotswanaCombination-Prevention-Project (BCPP) CRT, found that~70% of all HIV-positive adults were virally suppressed prior to the roll-out of study interventions [12] . The findings from these four settings indicate that, with appropriate interventions, it may be possible to reach the cumulative 90-90-90 target.
The HPTN 071 (PopART) trial is a 3-arm CRT in 21 large peri-urban/urban communities in Zambia and the Western Cape of South Africa, with high HIV prevalence and high mobility especially among young adults, and a total study population of~1 million people [11] . The study is testing the impact on HIV incidence of a household-based combination HIV prevention approach (Arms A and B) provided by community HIV care providers (CHiPs) compared with standard-of-care (Arm C). In Arm A and B communities, CHiPs have offered universal testing and support for linkage to HIV care and treatment adherence, while in Arm A (but not Arm B) universal treatment has been delivered through routine government services, from January 2014. During May/June 2016 in Zambia, and during October 2016 in South Africa, the clinics in all Arm B and Arm C communities transitioned to offer universal treatment.
Across the four Arm A Zambian communities, we have previously estimated that immediately prior to the first year of intervention~44% of HIV-positive adults were on ART, and that this increased to~61% by the end of the first year of intervention in mid-2015 [18] . An important finding from year 1 was that ART coverage was lower among men than women, and lower among younger than older adults, consistent with other studies [12, 17] . In this paper, we report findings from these same four Zambia communities about how close we have come to the 90-90 targets by October 2016, after two years of delivering the PopART UTT intervention, disaggregated by gender and age group and including information on adolescents aged 15-17 years for the first time. We also disaggregate our findings according to whether or not an individual participated in year 1, because it became apparent during year 2 that there was high mobility within, and into and out of, the study communities. In addition, we present findings about whether the time to start ART after referral to HIV care by CHiPs was shortened in the second year of intervention compared with the first year.
Methods

Setting
The study population consists of the four Arm A communities in Zambia, across which adult HIV prevalence ranges from~10% to~25% and the total population is~200,000 [11] .
PopART intervention
In Arm A, CHiPs deliver the PopART "UTT" intervention. This consists of offering universal home-based HIV testing, referral of HIV-positive (HIV+) individuals to routine government HIV clinic services that offer universal ART, and re-visits to HIV-positive individuals to support linkage to HIV care and retention on ART. The PopART intervention also includes various other services-HIV education, referral to medical male circumcision services, referral to antenatal care for pregnant women, reproductive health and family planning referrals, tuberculosis symptom screening followed by referral of those with symptoms to the clinic for diagnosis, sexually-transmitted-infection symptom screening followed by referral of those with symptoms to the clinic for diagnosis, and condom provision-providing a combination HIV prevention package [18] .
Before the start of the PopART intervention, each of the intervention communities were divided into "zones" with on average~500 households. CHiPs work in pairs, with each team responsible for one zone. CHiPs deliver the "PopART" intervention in annual "rounds", during which they visit all households (irrespective of whether or not a household was resident during a previous round), offer to explain the intervention, and ask permission to enumerate (list) all household members. The first "annual round" (Round 1) was from November 2013 to June 2015, and the second "annual round" (Round 2) was from June 2015 to October 2016, with the intervention rolled out across communities over a 1-2 month period, and within communities across all zones simultaneously.
In Round 1 (R1) and Round 2 (R2), CHiPs aimed to contact all adults (!18 years) at least once, and from early in Round 2 (October 1 2015) this was also the aim for those aged 15-17 years. The CHiPs work systematically through their zone, making appointments and repeat visits to try to contact those who are initially absent from home, or who are initially unsure if they wish to participate and/or test for HIV. During R2, new strategies were implemented to try to increase the percentage of men who were contacted by the CHiPs, and to facilitate more rapid linkage to HIV care among HIV-positive individuals. In some zones, CHiPs periodically supplemented their household visits with "zonal campaigns" during which they offered services in a non-household setting, and the frequency with which they worked early and late in the day and on weekends was increased. With respect to linkage to care, there was a greater focus on this in R2 compared with R1, with targetted follow-up of individuals who had been referred but not yet linked to care, increased coordination between the CHiPs and the clinic to facilitate linkage, and clinic improvements.
Data collection
CHiPs record information on electronic registers, as described elsewhere [18] . Clients verbally consent to participation in the intervention, and provide written consent for HIV counselling and testing. Data captured electronically includes consent to participate in the intervention, self-reported HIV status, the date of the most recent HIV test, uptake of HIV testing, the outcome of HIV testing by CHiPs, and which referrals were given.
Individuals are "known HIV-positive" to the CHiPs in R2 if they participated in R2 and either (i) self-reported or tested HIV-positive in R1, and verbally confirmed their HIV-positive status in R2 (ii) self-reported HIV-positive for the first time in R2, or (iii) tested HIV-positive with CHiPs in R2. For those who confirmed or self-reported they were HIV-positive in R2, self-reported data were collected at the time of the annual R2 visit on whether they were registered for HIV care, had ever taken ART, were currently on ART, and for those who reported taking ART how many pills they had missed in the previous three days. For individuals who reported they were registered for HIV care, CHiPs asked to see the patient ART card; if the card was provided, the ART card number was recorded.
For all who were known HIV-positive following the R2 annual visit, CHiPs were expected to collect updated information at follow-up visits about whether an individual was still resident in the zone, and (if the individual was contacted) self-reported information on registration for HIV care, ART initiation, and ART adherence.
Outcomes and data analysis
Analyses were done for individuals aged !15 years, and separately for men and women. The indicators of intervention coverage used for our analyses were determined at the start of the trial; when the UNAIDS 90-90-90 targets were announced at a later stage during 2014, we extended our indicators to include estimates of coverage against these targets.
Among outcomes that were measured directly among individuals who consented to participate in R2, five are of central interest because they represent the key steps in the HIV testingand-treatment cascade:
1. the percentage who consented to participate in R2, among all household members who were enumerated;
2. the percentage who knew their HIV status following the R2 annual visit, among all who consented to participate in R2;
3. the percentage who were on ART by the end of R2, among known HIV-positive individuals who remained resident in the same zone of the community at the end of R2;
4. the percentage who were retained on ART on the date of consenting to participate in R2, among known HIV-positive individuals who ever reported to CHiPs (during R1 and/or at the R2 annual visit) that they had ever taken ART;
5. the time to start ART after referral to HIV care by CHiPs in R2, among known HIV-positive individuals who were not on ART on the date of referral.
For knowledge of HIV status following the R2 annual visit, we applied a strict definition: that someone knew their HIV status if they either self-reported HIV-positive, accepted the offer of HIV testing with CHiPs and received their result, or self-reported they had tested HIV-negative in the previous 3 months. We applied a less strict definition for knowledge of HIV status immediately prior to the R2 visit: that someone knew their HIV status if they either self-reported HIV-positive, self-reported they had tested HIV-negative in the previous 12 months, or tested HIV-negative with CHiPs in R1.
We used the Kaplan-Meier "time-to-event" method to estimate the time from first referral in R2 to ART initiation, and Cox regression for analysis of whether the time to ART initiation differed by gender or age group, with censoring on the date of the last follow-up visit at which an individual was contacted in person for those who did not start ART, and using follow-up data up to September 30 2017.
Estimation of the number of HIV-positive individuals in the population, and the first and second "90s"
Methods for estimating the number of HIV-positive individuals, and the first and second 90s, have been described in detail elsewhere, and have previously been applied to the R1 intervention data from Arm A communities in Zambia [18] . The methods are summarized here.
First, we estimated the number of HIV-positive individuals among all who participated in R2 (those who consented to participate, and also had health counselling information recorded), as the sum of: (1) the number who were known by the CHiPs to be HIV-positive; and (2) an estimated number among those whose HIV status was not known to CHiPs, assuming that HIV prevalence in this group was the same as among those who accepted testing in R2. We extrapolated to the total population who were enumerated in R2 by assuming that HIV prevalence among non-participants in R2 was the same as among participants.
We calculated the first and second 90s, among individuals who participated in R2, as follows: 3. the proportion who were on ART immediately after the Round 2 annual visit, among those who knew their HIV-positive status = the total who self-reported they were on ART, divided by the number who were known by the CHiPs to be HIV-positive immediately following the R2 annual visit;
4. the proportion who were on ART by the end of Round 2, among those who knew their HIVpositive status = the total who self-reported they were on ART at the last CHiP visit made during R2, divided by the number who were known by the CHiPs to be HIV-positive and who remained resident in the same zone of the community according to the last information collected during R2.
We extrapolated to the total population by assuming that (1) knowledge of HIV-positive status and ART uptake among non-participants in R2 was the same as among participants immediately before the R2 annual visit and (2) these outcomes did not change during R2, equivalent to assuming that non-participants did not receive HIV testing or treatment services during R2.
For R1, all estimation was done with stratification on gender, community of residence, and age group. For R2, we additionally stratified by six categories of prior residency and participation: (1) newly resident in the zone of the community (among whom information was not collected about whether they had moved from within, or from outside, the community); (2) resident in the same zone of the community in R1, but did not participate in R1; (3) participated in R1 and self-reported HIV-positive; (4) participated in R1 and was newly diagnosed HIV-positive; (5) participated in R1 and tested HIV-negative; (6) participated in R1 but did not self-report HIV-positive and did not accept the offer of HIV testing in R1. The stratum-specific estimates of all numbers (for example, the number of HIV-positive individuals, the number of HIV-positive individuals who knew their HIVpositive status) were then summed to provide summaries separately for each age group, according to participation and residency (yes or no) in R1, and overall. We also used sensitivity analysis for key assumptions, as for estimates of progress towards 90-90 after one year of intervention [18] .
Comparison with Arm C (standard-of-care) communities, and findings from Arm A communities in South Africa
We are bound by strict trial oversight procedures that preclude the publication of any comparison across trial arms while the study is ongoing, and because there is no "PopART" intervention in the communities in the control arm there are no CHiP intervention data collected in Arm C.
As explained previously, we did not report estimates of coverage against the 90-90 targets after one year of intervention in South Africa because some challenges were encountered there with data collected as part of the CHiP intervention [18] . Several of these challenges were resolved by the start of year 2, but some new challenges emerged. Following intensive efforts, these challenges were fully resolved by early 2016 but not in time for it to be possible to reliably estimate coverage against the 90-90 targets after two years of intervention.
Ethical considerations
The study and all the above procedures were approved by the ethics committees of the London School of Hygiene & Tropical Medicine and the University of Zambia. The study is sponsored by NIH.
Results
Cascade from enumeration, through participation, to knowledge of HIV status, among all individuals
CHiPs visited 45,631 households during R2,~98% of the total (as estimated from a census conducted by the study team in 2013) across the four communities. For 94% of visited households, consent was given for the intervention to be explained and for all household members to be listed on the CHiPs' electronic register, and 120,272 individuals aged !15 years were enumerated.
Among enumerated individuals, consent to participate in the PopART intervention was high among women (86%) but lower among men (64%), because it was harder for CHiPs to contact men at home compared with women (Fig 1) . Among women, consent to participate was high across all age groups except those aged 15-17 years; among men, consent to participate was highest among those aged 18-24 and !60 years (Table 1) .
Even though we applied a stricter definition for knowledge of HIV status after, compared with before, the R2 annual visit (see Methods), R2 achieved a large increase in the percentage of people who knew their HIV status: from 67% to 84% for women, and from 57% to 79% for men (Table 1) . Knowledge of HIV status following the R2 visit was highest among those aged 18-24 years, for both men (84-85%) and women (88%), and then fell with increasing age (Table 1) . The percentage of individuals who self-reported HIV-positive as well as those who were known HIV-positive following the R2 annual visit showed a striking age pattern, with a peak at age 40-49 years for men and at 35-44 years for women (Table 1 ). Among individuals who had self-reported or tested HIV-positive in R1, and participated again in R2, 98% (5,577/ 5,700) verbally confirmed their HIV-positive status in R2. Overall, 9.3% of men and 15.2% of women were known HIV-positive, similar to R1 [18] .
ART uptake among known HIV-positive individuals at the start and by the end of Round 2
On the date of the R2 annual visit, 64% of known HIV-positive men and 69% of known HIVpositive women self-reported that they were on ART ( Table 2 ). This was substantially higher than at the start of R1 (~50%) [18] . The percentage of individuals on ART showed a striking age pattern, as in R1, increasing from age 20-24 years and stabilizing at~80% for men !50 years and~80% for women !35 years. Correspondingly, the percentage of known HIV-positive individuals who were newly diagnosed HIV-positive by the CHiPs in R2 (22%) was much lower than in R1 (40%), and much higher for younger than older individuals. In terms of absolute numbers, most new HIV-positive diagnoses were among men aged 20-49 years and women aged 18-44 years.
Among those known to be HIV-positive, 82% of men and 84% of women remained resident in the same zone of the community at the end of R2 according to the last CHiP visit in R2 (Table 2) , with the lowest figures among men aged 20-34 years and women aged 15-29 years.
By the end of R2, among those who remained resident in the same zone of the community, 80% of known HIV-positive men and 81% of known HIV-positive women were on ART ( Table 2 ). The percentage on ART increased between the start and end of R2 in all age groups, remaining higher among older than younger individuals at the end of R2, and approached or reached 90% for men aged !45 years and women aged !35 years. An ART card number was recorded for 76% of individuals who reported they were on ART, at the start and/or by the end of R2.
Retention on ART on the date of first participation in Round 2, among known HIV-positive individuals who had ever taken ART
On the date of first consenting to participate in R2, 2,345 known HIV-positive men and 5,766 known HIV-positive women either reported they had previously taken ART, and/or they had reported prior or current use of ART during R1 (S1 Table) . Among this group, 93% of men and 95% of women reported being on ART at the time of the R2 annual visit, and that they had missed 0 pills in the previous 3 days, with figures of >90% for almost all age groups.
Time from first CHiP referral in Round 2 to ART initiation
Among 3,435 HIV-positive individuals who were not on ART on the date of first participation in R2 and were referred to HIV care, 1,774 were subsequently recorded as linked to HIV care, of whom 95% (1,680/1,774) were recorded as initiated on ART. Overall, we estimated that 23%, 39%, 50%, and 67% started ART by 1, 3, 6, and 12 months respectively after first referral to care in R2 (Fig 2, S2 Table) , with a median time to start ART of 6 months. These figures were considerable improvements compared with R1, when an estimated 42% and 55% had started ART by 6 and 12 months respectively after first referral to care with a median time to start ART of 9.5 months (Fig 2) . Overall the time to start ART was slightly slower for women than men, among men slowest for those aged 20-24 years, and among women slowest for those aged !55 years in R2 (Fig 2, S2 Table) . Towards 90-90: Findings after 2 years of a UTT intervention in Zambia
Knowledge of HIV-positive status among people living with HIV, among individuals who participated in Round 2
We estimated there were 3,705 HIV-positive men, and 8,515 HIV-positive women, among all who participated in R2 (Table 3) , in comparison to 3,467 known HIV-positive men and 8,140 known HIV-positive women (Table 2 ). Estimated HIV prevalence was therefore 10.3% in men and 16.3% in women (compared with 9.3% of men and 15.2% of women being known HIV-positive). An estimated 71% of HIV-positive men and 76% of HIV-positive women knew their HIVpositive status immediately before the R2 annual visit ("pre-CHiP"), higher for older than younger individuals, and increasing to~95% for both men and women by the end of R2 (Table 3, Fig 3) .
Among both HIV-positive men and HIV-positive women, pre-CHiP knowledge of HIVpositive status was very different in those who did, and did not, participate in R1 (in the CHiP zone in which they were resident in R2). For example, among HIV-positive men who did not participate in R1 we estimated that immediately before the R2 annual visit 50% knew their HIV-positive status; the corresponding estimate among those who participated in R1 was 89% (Table 3) . We estimated there were 6,521 HIV-positive men and 10,690 HIV-positive women in the total population, among whom 57% (n = 3,705) of HIV-positive men and 80% (n = 8,515) of HIV-positive women participated in R2 (Table 3) . Estimated HIV prevalence was 10.6% in men and 16.2% in women.
For the "first 90", we estimated that 67% of the total population of HIV-positive men and 75% of the total population of HIV-positive women knew their HIV-positive status immediately before the R2 annual visit, increasing to 79% and 91% by the end of R2 (Table 3 and Fig  4) . Among HIV-positive men, knowledge of HIV-positive status by the end of R2 was~70-80% for those aged 15-49 years and~90% among those !50 years. Among HIV-positive women, knowledge of HIV-positive status immediately before the R2 annual visit approached 90% among those aged !35 years, and by the end of R2 was~90% among those aged !20 years (Fig 5) .
For the "second 90", we estimated that 71% of known HIV-positive men and 71% of known HIV-positive women were on ART immediately following the R2 annual visit, increasing to 81% and 82% respectively by the end of R2 (Table 3 and Fig 4) . Among known HIV-positive men, the percentage on ART by the end of R2 was >80% among those aged !35 years but Towards 90-90: Findings after 2 years of a UTT intervention in Zambia much lower at~60% among those aged 20-29 years. Among known HIV-positive women, the percentage on ART by the end of R2 was approaching 90% for those aged !35 years and was in the range 60-80% for younger women (Fig 5) .
We estimated that ART coverage was 65% among HIV-positive men and 75% among HIVpositive women by the end of R2, compared with the cumulative 90-90 target of 81%, and close to 81% for HIV-positive men aged !50 years and HIV-positive women aged !35 years but lower for younger individuals (Fig 6) . It was striking that ART coverage immediately before the R2 annual visit was substantially higher than immediately before the R1 annual visit, for both men and women, across the age range (Fig 6) .
Among both men and women, population-level pre-CHiP knowledge of HIV-positive status was very different in those who did, and did not, participate in R1 (in the CHiP zone in which they were resident in R2). For example, among HIV-positive men who did not participate in R1 we estimated that immediately before the R2 annual visit 51% knew their HIV-positive status; the corresponding estimate among those who participated in R1 was 87%. The disparity remained at the end of R2, with figures of 70% and 92% respectively (Table 3) . There was also a disparity between those who did, and did not, participate in R1 for the second 90; for example, among known HIV-positive men who did not participate in R1 we estimated that 77% were on ART by the end of R2, compared with 85% among those who participated in R1 (Table 3) . Among individuals who did not participate in R1, the percentage who knew their HIV-positive status immediately before the R2 visit was lower, but increased more by the end of R2, among those who were not resident in the same zone in R1 compared with those who were resident in the same zone in R1 but did not participate (S3 Table) ; this pattern was also seen for the percentage on ART among those who knew their HIV-positive status.
The disparities between those who did, and did not participate, in R1 are important in the context that among the estimated total of HIV-positive men and women,~55% and~45% respectively did not participate (in the CHiP zone in which they were resident in R2) in the intervention in R1 (Table 3) , and~40% were not resident (in the CHiP zone in which they were resident in R2) in R1. 
Discussion
Summary of findings
After two years of delivering the PopART UTT intervention in four peri-urban/urban communities in Zambia, with changes in national ART guidelines and programming occurring in parallel, substantial progress was made towards reaching 90-90. We estimated that the first 90 was reached among HIV-positive women, that~80% of HIV-positive men knew their HIVpositive status, that~80% were on ART among HIV-positive men and women who knew their HIV-positive status, and that ART coverage was~65% among HIV-positive men and~75% among HIV-positive women compared with the cumulative 90-90 target of 81%. For the first 90, the figure for men was similar to, and the figure for women slightly higher than, our estimates after one year of the intervention, and for the second 90 and ART coverage they werẽ 10% higher. The median time to ART initiation after referral to care by CHiPs was nearly halved in year 2 of the intervention, compared with year 1, among both men and women. The third 90 may have been reached among HIV-positive individuals who had taken ART, based on self-reported information on treatment adherence, but with the caveat that self-reported Towards 90-90: Findings after 2 years of a UTT intervention in Zambia information can provide an over-estimate of treatment adherence compared with biological testing for ART drugs [19] and that treatment adherence is not equivalent to viral suppression.
At the same time, our findings indicate that reaching 90-90 is hard. The PopART intervention is intensive, with each CHIP team responsible for covering a population of~500 households over a one-year period, and offering a range of combination HIV prevention services in addition to universal testing and support for linkage to HIV care. Two years have not been enough to achieve 90-90.
Comparison with other studies
Our results can be compared with those from the SEARCH CRT, a trial which aims to reduce HIV incidence through a combination HIV prevention intervention that includes UTT in 16 intervention communities in rural Uganda and Kenya. Each community has a population of 10,000 people, and it has been reported that among stable residents (defined as those who, at the time of first enumeration of the study population, had been resident in the community for !6 of the previous 12 months), 90-90-90 was achieved after two years of intervention [20] . Trial interventions include community campaigns, mobile HIV testing in combination with Towards 90-90: Findings after 2 years of a UTT intervention in Zambia multi-disease screening followed by a targeted offer of home-based HIV testing, and various strategies to support linkage to care and ART initiation and adherence [13, 21] . In the BCPP CRT, 90-90-90 was close to being achieved at baseline, and very rapid ART initiation has been achieved among individuals who were not on ART at the time of first participation in the intervention [22] . In contrast, ART coverage in the UTT intervention communities of the TasP study in rural South Africa was far below the cumulative 90-90 target after two years of intervention [23] , and much lower than what has been achieved after two years in the PopART Arm A communities in Zambia.
Explanations for our findings, and remaining gaps and how to close them
The main reason why the first 90 has not yet been reached among men is because of difficulties in contacting them, despite CHiPs regularly working on weekends, early and late in the day, periodically offering services outside the household at times and places that are anticipated to be convenient, and offering HIV testing as part of a wider range of services, all of which facilitate testing uptake [24] [25] [26] . Nevertheless,~75% of men in the year 2 population participated in at least one of years 1 and 2.
Progress towards the second 90 has been slower than towards the first 90. Nonetheless, 70% of known HIV-positive individuals were on ART at the start of year 2, compared with 50% at the start of year 1, and during year 2 there was an increase across all age groups to reach the overall figure of~80% by the end of year 2. The shorter time to initiate ART following referral by CHiPs in year 2, compared with year 1, was likely attributable to multiple factors. These included the increased focus of the CHiPs on linkage to care in year 2, compared with year 1, together with targetted follow-up of individuals who had been referred but not yet linked to care; fewer newly diagnosed HIV-positive individuals in year 2 compared with year 1; increasing community acceptance and understanding of the CHiPs, and of ART and UTT, with time; increased coordination between the CHiPs and the clinic to facilitate linkage to care; and clinic improvements. It was not possible to implement a "same-day" ART initiation (on the same day that an individual first links to HIV care) policy but despite this 95% of those who were known to have linked to care were also known to have initiated ART. For comparison with our findings, in the BCPP CRT a high percentage of individuals linked to HIV care within a short time after referral, facilitated by SMS reminders, incentives following linkage to care, and follow-up visits to those who did not attend their first clinic appointment; and in the SEARCH trial a high percentage linked to HIV care by 12 months after referral, facilitated by streamlined care and a patient-centred approach to care [21, 22] .
The main ART coverage gap that remained to be closed after two years of intervention was among men aged <50 years, women aged <35 years, and individuals who did not participate in year 1. An important finding from year 2 was the high proportion (~50%) of individuals who had not participated in year 1, about 80% of whom were newly resident in the area of the community (CHiP zone) in which they were living at the time of the year 2 visit. Among this group, we estimated that only~50% of HIV-positive individuals knew their HIV-positive status prior to year 2, similar to our finding across the total population prior to year 1. This "challenge of mobility" has also been described in the study population of the TasP trial [27] . This population movement has slowed, but not reversed, progress towards 90-90 in the PopART study communities.
In year 1 of the intervention~40% of known HIV-positive individuals were newly diagnosed by the CHiPs. Despite the challenge of mobility, and that~15% of the year 1 population did not participate in the intervention in year 1, this figure fell to~20% in year 2. That the figure was as high as~20% shows the value of the second year of intervention for diagnosing new HIV infections, in particular for individuals who had not participated in year 1 but also through repeat testing of those who tested HIV-negative in year 1 and those who declined the offer of HIV testing in year 1 but accepted a test in year 2.
Study strengths and limitations
A limitation has been the relatively high percentage of men whom the CHiPs have not contacted, which limits intervention effectiveness and means that for~one-third of the male population assumptions have been required to estimate testing and treatment coverage in the total population. In sensitivity analyses in which the values of HIV prevalence and testing and treatment coverage were varied among participants whose HIV status was not known to CHiPs, the range of values for coverage against the first and second 90 targets was from~3% lower tõ 2% higher than our central estimates (S4 Table) . A strength has been that CHiPs attempted to reach the entire resident adult population in year 2 of the intervention, irrespective of whether a household or individual was resident in year 1.
Information on uptake of treatment, and treatment adherence, has relied on self-reported information; linkage to clinic records has not been possible. However, by year 2 of the intervention CHiPs had in general established good relationships and trust with their clients, and they have received thorough and ongoing training on electronic data collection, giving overall confidence in the self-reported data. Also, our estimates of HIV prevalence are compatible with previous research data [28] , and baseline findings among individuals enrolled into the research cohort study through which the trial primary endpoint will be measured.
Our measure of treatment adherence is a simple one, calculated as a "snapshot" measure on the date of the annual round 2 visit, but with the advantage that the "third 90" is conceptually also a "snapshot" measure. The CHiP database, in which all the information recorded by CHiPs is held, does not allow an individual's records to be linked if they move from one CHiP zone to another, limiting which individuals can be included in a "cohort analysis" approach to measuring retention on ART at fixed time points after ART initiation. In addition, CHiP follow-up visits are made irregularly, not according to a schedule, and CHiPs may try to followup clients but without success.
During year 1 of the intervention,~38,000 randomly-selected adults were enrolled into a cohort study across all study communities, to measure the primary endpoint of the trial. For all individuals who were HIV-positive at enrolment (based on laboratory testing of a venous blood sample) and were followed up during mid-2016 to mid-2017, their viral load has been measured. These data will provide an estimate of the percentage of HIV-positive individuals who were virally suppressed after two-three years of intervention, and a comparison with the communities that were randomised to standard-of-care.
Conclusion
Overall coverage against the 90-90 targets was high after two years of the PopART UTT intervention, but was lower among men, young adults, those who were resident in year 1 but participated for the first time in year 2, and those who were newly resident in the area of the community in which they were living in year 2. The median time to ART initiation after referral to care in year 2 was nearly halved compared with year 1, attributable to multiple factors. The third year of intervention spans October 2016 to~September 2017, and is expected to achieve further progress, especially towards the second 90. 
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